OBJECTIVES: Sternal wound infections occurring after cardiac surgery have a critical impact on morbidity, mortality and hospital costs. This study evaluated the efficacy of a gentamicin-collagen sponge in decreasing deep sternal-wound infections in high-risk cardiac surgery patients.
INTRODUCTION
Surgical-site infection (SSI) is a major public health problem. Preventive measures include skin preparation, prophylactic antibiotic therapy, control of the operating room environment, and improvements in surgical techniques. Despite these measures, SSI is the third most common healthcare-associated infection and contributes 13-17% of all such infections [1, 2] . Sternal wound infection (SWI) after cardiothoracic surgery substantially increases illness severity, hospital stay length, mortality, and costs [3, 4] . Sternotomy-healing complications such as instability, nonunion, and bone or mediastinal infection occur in 0.5-4.4% of patients after cardiac surgery [5] overall and in up to 12-20% of high-risk patients [6, 7] .
Coronary artery bypass grafting (CABG) with bilateral internal thoracic artery (BITA) grafts results in better myocardial revascularization and patency compared with unilateral thoracic mammary artery grafting [8] . However, in diabetic and/or obese patients, BITA grafting increases the risk of SWI compared with unilateral internal thoracic artery or saphenous vein grafting [9] . Removal of the internal thoracic arteries for CABG diminishes the blood supply to the anterior chest wall, thereby increasing the risk of mechanical sternal wound dehiscence and subsequent SWI [10] . A gentamicin-impregnated collagen sponge (GCS) has been developed to prevent SWIs. This resorbable device is designed to be implanted before closure of the incision in orthopaedic, gastrointestinal, or cardiac surgical procedures. The GCS produces high local concentrations of gentamicin and may therefore limit peri-and postoperative bacterial growth, thus preventing deep SSI.
Several studies have evaluated the effectiveness of the GCS in cardiac surgery patients, with conflicting results [11] [12] [13] probably due to varying methodologies, study populations, end-points, and follow-up durations. We aimed to assess the effectiveness of the GCS in preventing SSI in high-risk patients undergoing BITA grafting, with special attention to the clinical and microbiological characteristics of deep SWIs (dSWIs).
METHODS

Patients and procedures
We conducted a prospective quasi-experimental before/after interventional study in the cardiac surgery unit of a 1000-bed university hospital, which had approved the use of the GCS. All patients meeting the following criteria were eligible: (i) male or female adult scheduled to undergo BITA grafting, with or without valve repair or replacement surgery, through a full median sternotomy, and (ii) high risk for dSWI, defined as diabetes requiring subcutaneous insulin treatment and/or body mass index (BMI) greater than 30 kg/m². Eligible patients were included in the study before the beginning of the surgery.
The preintervention period extended from January 2006 to October 2008 and the intervention period from November 2008 to December 2010. During the overall period, 5085 patients underwent cardiac surgery with extracorporeal circulation totalizing 5169 procedures.
During the intervention period, the GCS (Syntacoll GmbH, Saal, Germany) was to be used routinely. Each lyophilized sponge (5 by 20 cm) contained 280 mg of bovine collagen and 130 mg of gentamicin (200 mg gentamicin sulphate). The sponge undergoes resorption in 4-14 days. A single sponge was dipped in normal saline solution for a few seconds and then inserted between the two halves of the sternum, along the full length of the cut, immediately before closure of the sternum. Carriers of Staphylococcus aureus received preoperative decontamination with nasal mupirocin. If the preoperative nasal screening revealed the carriage of methicillin-resistant S. aureus, daily skin decontaminations were performed using polyvidone iodine. In all patients, prophylactic cefamandole was started within the hour before the skin incision was made; vancomycin for 36 h plus gentamicin (one perioperative dose) was used instead in individuals carrying MRSA or with an increased risk of MRSA colonization (hospitalization in unit with endemic MRSA) and for patients allergic to cephalosporin or penicillin. According to French law on interventions used as part of the standard of care, without random allocation, informed patient consent was not required for this study.
Data Collection
The study data were extracted from prospectively collected databases. The database in the cardiac surgery unit included demographic data (age, gender), medical background data (BMI, smoking status, chronic obstructive pulmonary disease, dialysis, previous median sternotomy, whether surgery was on an emergency basis, the EuroSCORE [14] , the New York Heart Association (NYHA) preoperative functional class, and the left ventricular ejection fraction), and surgical data (CABG only or combined with valve repair, valve repair only, or other procedure, type of graft, operating time, and time on extracorporeal circulation). The following postoperative variables were obtained from the anaesthesiology database: need for early reoperation, use of vasoactive agents, length of stay in the postoperative intensive care unit, and duration of mechanical ventilation. Finally, the infection control unit collected information about dSWIs, including microbiological data. The computerized files were checked for aberrant data and merged for subsequent analysis.
Infection surveillance
The study end-point was the rate of dSWIs occurring within the first 60 postoperative days. We defined dSWI as the need for reoperation accompanied by either of the following findings: discharge of purulent material from the subcutaneous space (sternal bone or mediastinum) or presence of micro-organisms and numerous polymorphonuclear cells in specimens collected during reoperation. This definition included subcutaneous abscess requiring surgical exploration, sternal osteomyelitis without opening of the sternum during revision, and mediastinitis involving the retrosternal space. For simplicity, subcutaneous abscess and sternal osteomyelitis were collapsed into a single entity, designated SCA/OM in this paper. Diagnostic criteria for dSWI were as follows: (i) discharge of purulent material from the subcutaneous space, sternal bone, or mediastinum; or (ii) numerous polymorphonuclear cells with or without micro-organisms in specimens collected during reoperation, drainage material, or wound samples. Patients who underwent reoperation for sternal dehiscence or bleeding were not classified as having dSWI. We routinely reviewed the operating room log to ensure identification of all sternotomy cases and of all cases of dSWI requiring reoperation. Among the 5085 patients who underwent cardiac surgery during the study period, 206 (3.9%) experienced dSWIs, including 132 (2.5%) with SCI/OM and 74 (1.4%) with mediastinitis. The overall yearly dSWI incidence varied from 3.5 to 4.1%, with no significant changes over time (Fig. 1 ).
Statistical analysis
Contingency tables were used for categorical variables. Unadjusted relative risks (RRs) were determined; chi-square tests or Fisher's exact tests, as appropriate, were performed; and 95% confidence intervals (95%CI) were computed. For continuous variables, the median and inter-quartile range (IQR) were used to describe the data and Student's t-test or Mann-Whitney U-test, as appropriate, to compare values between the preintervention and intervention groups. Next, stepwise multiple logistic regression was performed. Variables associated with P values <0.25 in the bivariate analysis were entered into the model, after categorization of continuous variables, to obtain maximum likelihood estimates. The log-rank test was used to compare the time to dSWI between study groups. A Kaplan-Meier curve of time to dSWI was plotted. Patients with dSWI were censored at the time of diagnosis. These analyses were performed using Stata release 10.0 (Stata Corp LP, College Station, TX). All P values were two sided, and P values <0.05 were considered significant.
RESULTS
Study populations
In total, 552 patients (511 with BITA grafting alone and 41 with or without valve repair or replacement surgery) met our study criteria, 289 (52.4%) during the preintervention period and 263 (47.6%) during the intervention period (Table 1) . Among the 263 patients managed during the intervention period, 175 (66.5%) received a GCS and 88 (33.5%) wrongly did not (equally distributed over the 2 years of the intervention period). Both populations differed on BMI (P < 0.01) but not on diabetes characteristics (P = 0.23). The reason for not using GCS in the intervention period was either forgetting or the surgeon's perception that the patient was not overweight, as suggested by a higher BMI in patients with GCS than in patient without GCS during the intervention period (P < 0.01) ( Table 1) . Several variables differed significantly across groups. GCS-treated patients differed from preintervention patients for left ventricular ejection fraction, operating time, and time on extracorporeal circulation (P < 0.01). Non-GCS-treated patients in the preintervention and intervention periods differed for BMI, EuroSCORE, and time on extracorporeal circulation (P < 0.01). Global mortality rates did not significantly differ between the preintervention and intervention periods (5.2% in 2006-08 vs 4.4% in 2009-10, P = 0.68).
Subgroups with and without deep sternal wound infections (dSWIs)
In the overall population of 552 patients, 68 patients had dSWIs and 484 did not. The dSWIs included 48 (8.7%) SCA/OM cases and 20 (3.6%) mediastinitis cases. The yearly dSWI incidence varied between 8.7 and 16.1%, with no significant changes over time.
The dSWI incidence rate was 40/289 (13.8%) in the preintervention population, 22/175 (12.6%) in the GCS population, and 6/88 (6.8%) in the intervention-period patients without GCS. Comparisons of these three groups showed no statistically significant differences.
Median time to reoperation for dSWI was longer in the GCS group than in the preintervention group (21 and 17 days, respectively; P = 0.04). Kaplan-Meier curves for dSWI in GCS and preintervention groups appear in Figure 2 .
Risk factors for deep sternal wound infections (dSWIs)
By univariate analysis, the following variables were associated with a higher risk of dSWI: female sex, absence of current smoking, diabetes requiring insulin, chronic haemodialysis, higher NYHA score, higher EuroSCORE, and postoperative complications. GCS use was not associated with the occurrence of dSWI (Table 2) .
By multivariate analysis, independent predictors of dSWI were female sex (adjusted odds ratio, aOR [95% CI], 6.16 [3.48-10 .92], P < 0.01) and mechanical ventilation time longer than 24 h (5.38 [2.66-10 .87], P < 0.01). GCS use was not associated with dSWI after adjustment (0.95 [0.52-1.73], P = 0.88) ( Table 3) .
Microbiological data
Of the 68 patients with dSWIs, 48 (70.6%) had subcutaneous abscesses or sternal osteomyelitis and 20 (29.4%) had mediastinitis ( Table 4 ). The distribution of mediastinitis and other dSWIs was not different in patients with and without GCS.
Overall, 83 micro-organisms were recovered. A single microorganism was found in 51 patients and two or more microorganisms in 15. Two patients with dSWIs had negative cultures. The 83 isolates were as follows: Enterobacteriaceae, n = 23 (27.7%); coagulase-negative staphylococci (CoNS), n = 27 (33.5%); Enterococci, n = 16 (19.3%); S. aureus, n = 11 (13.3%); Pseudomonas aeruginosa, n = 3 (3.6%); and other, n = 3 (3.6%). No statistically significant differences were found between the GCS group and both groups without the GCS, regarding Gram-negative species and their resistance to gentamicin. The prevalence of CoNS was significantly higher in GCS patients (14/27, 51.8%) than in those without the GCS (13/56, 23.2%). All 11 S. aureus isolates were susceptible to methicillin and were found in patients managed without the GCS (n = 11, 19.6%).
CoNS recovered from dSWI specimens were more frequently resistant to gentamicin in the GCS-treated patients (12/14, 85.7%) than in the other patients (6/13, 46.1%, P = 0.07). All Enterococci displayed low (n = 15) or high (n = 1) levels of resistance to gentamicin. Overall, 44 of the 83 (53.0%) strains from patients with dSWI were resistant to gentamicin, and the resistance rate was higher with the GCS (n = 21, 77.8%) than without the GCS (n = 23, 41.1%, P < 0.01).
DISCUSSION
In this prospective before/after cohort study, a gentamicinimpregnated collagen sponge did not reduce the rate of dSWI in a high-risk population of patients undergoing CABG with BITA grafts. Our results add to the conflicting data available from several previous studies.
Implants impregnated with antimicrobial agents were developed to limit the growth of organisms in surgical wounds after closure. Gentamicin-impregnated implants have been proposed for various surgical procedures characterized either by a high risk of SSI (e.g. colorectal surgery) or by a low-risk of potentially devastating SSI [15, 16] . Gentamicin has a broad spectrum of bactericidal activity that includes staphylococci and Gram-negative bacteria. Local gentamicin administration is used to avoid diffusion in tissues with disruption of the commensal flora and emergence of bacterial resistance [17] .
Several well-performed studies evaluating the effects of a GCS in preventing SWIs in cardiac surgery patients have produced conflicting results [11] [12] [13] 18] . In a study done in two centres in all cardiac surgery patients operated through a median sternotomy, the SWI rate was lower in the 967 GCS-treated patients than in the 983 historical patients managed without the GCS (4.3 vs 9.0%) [18] . This study was limited by its quasi-experimental design, with no placebo group. However, a recently published doubleblind randomized study in 720 patients concluded that a GCS was superior to a placebo [13] . Finally, in a single-blind randomized study, a GCS was not effective in high-risk patients with diabetes or obesity [12] . These studies differed in terms of methodology, study population, end-point, and follow-up duration.
Here, we focussed on a population at high risk for infection after CABG with BITA grafts because of the presence of obesity and/or diabetes [9, 10, 19] . In this high-risk population, the pathophysiology of SWI may involve delayed wound healing due to sternal ischaemia leading to mechanical wound dehiscence, with possible postoperative contamination [10] . The effects of any preventive measure should be greater in high-risk patients than in the general cardiac surgery population. However, the GCS releases gentamicin only during the first few postoperative days and may, therefore, fail to decrease the risk of SWI related to postoperative contamination during delayed wound healing. Friberg et al. reported a significant decrease in wound-fluid gentamicin concentrations during the first 24 postoperative hours [20] , suggesting a decline in the antimicrobial activity of gentamicin during the first few days after GCS implantation. That the time to reoperation for dSWI was significantly longer in GCS-treated patients than in the other patients in our study supports this hypothesis.
The precise description of the microbiology of dSWIs showed that GCS-treated patients had a higher prevalence of CoNS and a Table 1 : Characteristics in the overall population (n = 552), preintervention population (n = 289), intervention-period patients managed with the gentamicin-collagen sponge (n = 175), and intervention-period patients managed without the gentamicincollagen sponge (n = 88) lower prevalence of S. aureus than did patients without GCS. That CoNS were the most common micro-organisms is consistent with earlier data [21, 22] . Moreover, resistance to gentamicin probably contributed to the selection of some species. Thus, GCS-treated patients had the same risk of dSWI but were more likely to be infected with gentamicin-resistant organisms than were non-GCS-treated patients. A landmark study has established that antibiotic-resistant CoNS become predominant when subjected to selective pressure of antibiotic surgical prophylaxis [23] . Our patients were followed for 60 days after surgery. Among the 68 patients with dSWI, 13 (19.1%) underwent reoperation more than 30 days after surgery. The duration of postoperative follow-up is a crucial factor in studies of dSWI, given the possibility of postoperative contamination due to delayed wound healing. Restricting surveillance to 30 days, although often done, may underestimate the true SWI rate. Our study has several limitations. First, its quasi-experimental design makes it sensitive to confounding factors, such as changes in other preventive measures or differences in patient comorbidity profiles. However, the dSWI rate in the overall population of cardiac surgery patients remained stable over the 5-year study period, varying from 3.5 to 4.1 dSWI per 100 procedures, with no significant differences between the preintervention and intervention periods. This evolution of the SSI rate was also observed in the high-risk patient population. The equal distribution over time of patients who should have, but failed to, receive GCS should not have contributed to these variations. In addition, dSWI surveillance was performed for several years using the same methodology (same 2 infection control personnel and senior surgeon) and included a strong end-point, i.e. the need for reoperation for dSWI [24] . The same technique of skeletonized BITA graft harvesting was used throughout the 5-year study period by the same surgical team without modifications in surgical, antibiotic prophylaxis and hygienic techniques. Despite a few differences in baseline characteristics, no major variations were found regarding dSWI incidence or patient characteristics between patients managed without GCS (constituting a useful control group) and the GCS group. Second, our end-point was dSWI requiring reoperation, which encompassed subcutaneous abscess without evidence of bone involvement, osteomyelitis, and mediastinitis. Although this definition does not match the CDC definition, we were able to differentiate true mediastinitis, defined as a need for sternal re-opening, from other dSWIs. Our definition of dSWI is reproducible, provided that all surgeons make the same decision about reoperation when faced by the same clinical and laboratory abnormalities. Third, it was suggested recently that gentamicin might be lost in the dipping solution [25] . However, the increased time to dSWI in GCS-treated patients and the microbiology of dSWI cases do not support a major impact of gentamicin elution into the dipping solution on the in situ concentration or antimicrobial activity of the antibiotic. Finally, this study was performed in a single cardiac surgery centre. SWIs are due to multifactorial causes linked to patient risk factors, surgical technique, operating room environment, and preventive measures, and our results may not be generalizable to other cardiac surgery units.
In conclusion, in our study, a gentamicin-impregnated collagen sponge was not effective in preventing dSWIs in a high-risk population of cardiac surgery patients. Further studies are needed to establish firm conclusions, given the conflicting nature of the results available in the literature, and to identify which patients might be most likely to benefit from GCS implantation. Our results suggest wound contamination in a substantial proportion of patients after CABG with BITA grafts.
